Rather than work with exclusively idealized model geometries, we base our examination of sediment transport and supercooling on simplified representations of Matanuska Glacier. Matanuska stands out as the best-studied example of glaciohydraulic supercooling with glaciofluvial sediment transport.
where x 0 is the outlet location, x l is the inlet location, x u is the start of the adverse slope, x w is the start of the adverse slope with constant value, c b and C x are constants, and z l is the inlet elevation of the bed. Values for terms are given in Table S1 . The elevation of the ice surface is simply a line of constant slope. Other details can be found in Creyts and Clarke [2010] . Table S1 . Parameters used to create the synthetic glacier sections in Figure 4 .
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where the time rate of change of equation (S2) also leads to the summation of the individual
rates.
An ad hoc derivation is for mass of suspended sediment and bed load sediment in the flowing water are,
where W is flow width, dV is a unit volume of flowing water along the bed, z b and z w are the top and bottom of the water layer as defined in Figure 2a , and δ b is the bed load layer height shown in Figure 2b in the main body of the text.
Moving to a local balance gives, 
where we have assumed that sediment is incompressible (i.e., ∂ρ s /∂t = 0), and sediment sources are either from the underlying bed ( Ψ b:sus and Ψ b:bed ) or the overlying ice ( Ψ i:sus and Ψ i:bed ). We define the 1D fluxes of sediment as, 
where the bed load velocity u bed is not necessarily equal to the water velocity u. As is common, we assume that the suspended load travels at the water velocity. Similarly, because the suspended and bed load mass sums in equation (S2), the supply terms must also sum,
Rewriting equations (S4a) and (S4c) for the time rate of change for sediment concentration gives, 
that are exactly equations (4a) and (4b) in the original manuscript.
S2.1. Exner equation in one dimension
Now, setting ∂λ sw:sus /∂t = ∂λ sw:bed /∂t = 0 and ∂H/∂t = 0 for steady state conditions, and ignoring supply from the overlying ice ( Ψ i:sus = Ψ i:bed = 0), we manipulate equations (S7a) and (S7b) to obtain, so that combining these with equation (S6b) gives,
Substituting this equation with equation (5) in the main body of the text gives, and an assumption about supply from the ice and bed.
S2.2. Nonequilibrium sediment load
The nonequiliibrium sediment erosion and deposition as formulated in equation (7) always drives the instantaneous sediment load back towards equilibrium conditions [e.g., Einstein, 1968] . Equation (7) is not the downstream divergence of total sediment flux because it is not a spatial derivative nor is it related to the balance rules laid out above for sediment. It is a heuristic way of calculating the rate of sediment exchange between the flowing water and underlying bed.
Equation (6) 
S3. Sediment transport
In what follows, we briefly review van Rijn's [1984a; 1984b] formulas that we use to determine the equilibrium sediment flux q sw,e for both bed load and suspended load. The aim of this appendix is to present the transport relations in the form in which we implement them. We present the simple formulation followed by the detailed procedure. The derivations use theoretical and empirical considerations, and we refer the reader to the original papers for these derivations.
S3.1. Conditions necessary for sediment transport
van Rijn [1984a] used two nondimensional numbers to describe sediment motion: the particle parameter and the transport stage parameter. The particle parameter describes the nondimensional grain size,
where ν is the kinematic viscosity of water. This equation assigns the length scale for the nondimensional grain size as the median grain size D 50 of the mobile bed.D * is a ratio of the gravity forces on a particle in fluid relative to the viscous forces. The second nondimensional number is transport stage parameter, which characterizes an excess shear stress available to move sediment,
where u ′ * is the shear velocity on the grains, and u * ,cr is a critical bed shear velocity. In (S11),
is the bed shear velocity related to the grains using the Darcy-Weisbach formulation. The bed shear velocity is
where τ 0 is the shear along the hydraulic perimeter (equation (12)).
where θ cr is a critical mobility parameter. The Shields threshold criterion is commonly used to express the critical shear stress necessary for motion, 
where we have modified the original form to make the curve smoother without changing its overall effect. A value of 0.055 for D * > 144 indicates tightly packed, uniform beds. 
S3.2. Equilibrium bed load flux
where u bed is the mean bed load sediment velocity, δ bed is the thickness of the bed load layer, and λ sw,e:bed is the volumetric bed load sediment concentration.
The bed load velocity is assigned via
Transport occurs in the bed load layer with thickness
From the discussion above, δ bed is approximately one centimeter for sand. Finally, the volumetric sediment concentration in the bed load layer is λ sw,e:bed = 0.18λ sw,0:bed
where λ sw,0:bed is a reference concentration for the bed,
and n s,a is the mobile fraction of the bed. 
Bed Load Flux Procedure 1. Compute the particle parameter D * using equation (S10).
2. Compute the critical bed-shear velocity according to the Shields criterion (eq. (S16), Fig. S1 , eq. (S14)).
3. Compute the effective bed shear velocity using equation (S12).
4.
Compute the transport stage parameter T (S11).
5. Compute the equilibrium bed load transport q sw,e:bed using equation (S22).
S3.3. Suspended load flux
The formula for the suspended load is q sw,e:sus = uHλ sw,e:sus ,
where λ sw,e:sus is the mean equilibrium suspended sediment concentration. This equation assumes that all suspended load transport occurs at the water velocity and that the concentration is constant across the water depth. van Rijn [1984b] notes that his relation is valid for grain sizes in the range (0.1 < D < 0.5 mm). Grain sizes smaller than 0.1 mm, silt and finer particles, undoubtedly enter suspension. For these grain sizes, the suspension velocity is less than the entrainment velocity, so they act as a 'wash' load. The wash load is entirely governed by supply.
The division is usually in the fine sand range, but there is no simple hydraulic formulation for wash load. We therefore assume that these grain sizes act as fine sand.
Formulation
The initiation of suspended load is commonly given in terms of the fall velocity of a sediment particle as well as the shear velocity of the water. Based on experimental results, van Rijn [1984b] formulated a criterion for the initiation of suspended load,
where u * ,crs is the critical shear velocity necessary for entrainment into suspension, and w s is the fall velocity of a grain. For large grain sizes, u * ,crs takes the value 0.4w s . The sediment fall velocity w s is
where the first case is Stoke's law, the last case is a turbulent settling law, and the middle case represents a transition between the two.
A suspension parameter Z relates the downward fall of sediments to upward turbulent motions,
where κ s is von Karman's constant and β s describes how the sediments interact with the individual turbulent eddies. Values of β s greater than unity indicate that the sediments are propelled to the outside of the individual eddies. Sediments at the outside of the eddies mix more readily in the flow [van Rijn, 1984b ]. The β s parameter is
If the fall velocity is greater than the bed shear velocity in equation (S27), then the particle cannot be in suspension. Particles in the flow will occupy space, damp turbulence, and reduce the particle fall velocity. As a result, a simple correction to the suspension parameter is introduced,
where φ is the correction for these additional effects. 
where λ sw,0:sus is the sediment concentration at reference level δ s , and λ sw,0:bed is the maximum sediment concentration of the bed. This maximum concentration is equivalent to the solid fraction of the bed, (1 − n b ). The reference value for suspended sediment is λ sw,0:sus = 0.015
where D 50 , D * , and T were defined for bed load.
The suspended sediment reference level can take a reasonable value near the bed. van Rijn The mean size of the suspended load will likely differ from the mean grain size of the bed. To account for this difference, D s is a characteristic suspended grain size,
where σ s is the geometric standard deviation of the sediment distribution. We adopt the standard deviation as σ s = 2.5 following van Rijn [1984b] .
Because suspended sediment travels at the mean flow velocity u, the suspended sediment flux is q sw,e:sus = uHλ sw,e:sus .
where the volumetric sediment concentration is λ sw,e:sus = F s λ sw,0:sus .
The correction factor F s accounts for a nonuniform vertical distribution of suspended sediment, 1. Compute the particle parameter D * using equation (S10).
2. Compute the critical bed-shear velocity u * ,cr using equations (S14) and (S16).
S3.4. Sediment transport in the flowing water
Here, we briefly present results for two components of sediment in transport: bed load (Fig. S2) and suspended load (Fig. S3) . The along path derivative of the total sediment concentration (Column 1 in both Figures S2 and S3) is related to the rates of bed elevation change in Figures   7 and 10 . Overall, total sediment transport (Column 1 in both Figures S2 and S3) is dominated by the suspended load component (Column 2 in both Figures S2 and S3 ), but the bed load component is not insignificant. The constant recharge simulations have lower sediment transport than daytime conditions in the diurnally varying recharge simulations. The differences vary by about a factor of three, so that total sediment transported over a 24 h period in the diurnal case is significantly larger over the course of a 100 d simulation.
Supplemental notation

C x
Coefficient for the analytic expression for the bed. 
D 50
Median grain diameter of the mobile fraction of the bed.
D 90
Grain diameter of the 90th percentile of the grain size distribution along the bed. 
